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1 Introduction 

m 

Flavour changing neutral currents are only allowed via loop diagrams in the Standard 

D Model (SM). Electroweak penguin processes are therefore sensitive probes for new 

physics, as physics beyond the Standard Model can enter via virtual particles at 

the same level as SM physics. The LHCb detector at the LHC pQ with its forward 

i—i geometry is ideally suited for the analysis of electroweak penguin processes in B 

meson decays. All analyses are performed with 1 fb _1 of collision data recorded at a 

J> centre-of-mass energy of 7 TeV in 2011 and constrain new physics models. 
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2 Angular analysis and CP-asymmetry in 

(N 

The decay B° — > K*°fi + fi~~ has a branching fraction of B(B° — > K*°[i + [i~) = 
(l-OSj^rl) x 10~ 6 and can be fully described by four variables: the invariant 
mass of the dimuon system, q 2 , and three angles, 0,6^,6^. The angles are defined 
in Ref. [3J. The analysis of B° — > K*°fi + fi~ is performed in 6 bins of q 2 where the 
resonant regions of the J/ifj and the ip(2S) are omitted [3]. The decay is selected 
using a boosted decision tree pE]; an event-by-event correction is applied to correct 
for experimental biases. 

Four angular variables were examined: Aps, the forward-backward asymmetry 
of the dimuon sytem; Fi, the longitudinal polarisation of the K*°; S3, a variable 
expressing the asymmetry between the K*° transverse and longitudinal polarisation; 
and S9 [5]. The results together with the SM predictions are shown in Fig. [l] The 
zero-crossing point of Afb is an observable particularly sensitive to new physics con- 
tributions as the form-factor uncertainties cancel at first order in the theoretical 



1 



prediction. The experimental value of the zero-crossing point is (4.9±i;|) GeV 2 /c 4 . 
It agrees well with the theoretical expectations, which are in the range [4.0 - 4.3] 
GeV 2 /c 4 [6j[7j[8j. In addition to the angular variables, the differential branching 
fraction of B° — > K*°fi + [i~ was measured as well. 
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Figure 1: Afb, Fl, S% and Sg as determind with an angular analysis in B° — > 
K*°fj, + /j,~ [3]. The turquoise band shows the SM predictions, the pink bars the binned 
SM predictions. The SM prediction of Sg is expected to be zero for the full q 2 range. 
The predictions are taken from Ref. [T7] . 



The direct CP-asymmetry in B° — > K*°fi + ft , Acr, is predicted to be 0( 10 3 ) in 

the SM and is defined as Acv = F( '— o^— *o M+A1 ^~ T ^ B ~* K K The theoretical pre- 

diction has a small uncertainty due to suppression of form factor uncertainties [9 J [5J . 
Models beyond the SM can enhance this value up to 15% [ID] . The LHCb analysis 
uses the same event selection, correction for experimental effects and binning scheme 
in q 2 as the angular analysis of B° — > K*°^ + ^T . Asymmetries due to detector ef- 
fects are cancelled by taking an average with equal weights of the CP-asymmetries 
measured in two independent data samples with opposite polarities of the LHCb 
dipole magnet. The production and interaction asymmetries are corrected for us- 
ing the B° — > J/ipK*° decay mode as a control channel. Production asymmetries 
are also accounted for by considering B° — > J/tpK*° [11]. The CP-asymmetry in 



2 



B° — > K*°/j, + jj, in the 6 q 2 bins is shown in Fig. [2j The overall value, integrated over 
the q 2 bins, is Aqv = -0.072 ± 0.040(stat) ± 0.005(sys). 
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Figure 2: CP- Asymmetry in B — > K as a function of the dimuon invariant 

mass squared [IT] . The SM prediction is O(10~ 3 ) for the full range in q 2 . 



3 Analysis of B + -> K + fi + fi 

The analysis of 5 + — >■ K + fi + fi~ is similar to that of the 5° — > K*°fi + n~ decay. The 
differential branching fraction is determined using B + — > J/ipK + as a normalisation 
channel. The differential branching fraction is determined in 7 bins of g 2 . The inte- 
grated branching fraction, taking the region of the excluded charmonium resonances 
into account, is B(B + ->• = (4-36 ± 0.15(stat) ± 0.18(sys)) x 10" 7 [12]. 

The angular distribution of B + — > K + a + a~ can be written as 1 dr (- B+ ~ s>x ^ + M ) _ 

° ' ™ r a cos Of 

|(1 — — cos 2 ^) + ^Fh + A^b cos^ with the forward-backward asymmetry 

and Fjj a flat parameter. An event-by-event correction is applied to account for 
experimental effects. The resulting distributions of A FB and F H are shown in Fig. |3j 
They are in good agreement with the SM predictions. 



4 Isospin analysis of B — > K^n + [i 

The so-called isospin asymmetry in the decays B — > K^n + fi~, Aj, is defined as 

Ai = r(BO^(*)o^+i!-j+r(B+^(«)+M+M-) and is P redicted to be ver y sma11 in the SM P3 • 
The LHCb analysis [14J consists of a measurement of four branching fractions: B° — > 
K^+fi-, B + K+^\T, B° (K*° K + 7r-)/2 + fi-, B + -+ (K* + K° s tt + ) /i + fi~ . 
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Figure 3: The forward-backward asymmetry Afb and the flat parameter Fh in 
B+ -> K + fi + function of the dimuon invariant mass squared [12] . The theory 

predictions are taken from Ref. jB] and [T7j. is expected to be negligible in the 
SM for the full q 2 range. 
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Figure 4: Isospin asymmetry for B — > Ky^fi and 5 — > K*fi + fi [TJ]. The SM 
predictions are taken from Ref. [6] and [T8] . 



5 -»■ J/$KW is used as a normalisation channel. The isospin asymmetries are mea- 
sured in 6 q 2 bins. For the B — > K* fj, + pT mode the isospin asymmetry agrees well 
with the SM prediction. For B — > Kfi + fi~ the isospin asymmetry shows lower values 
compared with the expectation. This discrepancy is fully driven by the measured 
branching fraction of B° — > K°fi + [i~ which is too low compared to the SM predic- 
tion. Both isospin asymmetries are shown in Fig. |4j When integrating over the full 
q 2 range, the deviation from the prediction is 4.4 standard deviations. 
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5 Branching fraction measurement of B + — > 7r + /i + /i 

The decay B + — > 7i + fi + fi~ is a b — > dti transition and therefore suppressed with 
respect to the b — > sti transitions by the ratio of the CKM matrix elements ^H 2 ■ The 
branching fraction is measured to be B(B + — > = (2.3±0.6(stat)±0.1(sys)) x 

1CT 8 [15] which is in good agreement with the SM prediction of (1.96±0.21) x 1CT 8 [16J. 
Using the measurement of B + — > K + fx + fx~ the ratio j|H is determined to be 0.266 ± 
0.035 (stat) ± 0.007 (sys) which is in good agreement with the results from radiative 
decays and B° and B° s mixing [TJ] [U] HQ [22] • 

6 Conclusion 

Rare electroweak penguin decays are a very active research area in LHCb. With its 
rich decay structure the B° — > K*°fi + ^~ decay is the golden channel for the study 
of b — > sli transitions. Further decays like B + — > K + fi + fi~ can add additional 
information to search for physics beyond the SM. Up to now all measurements are 
compatible with the SM and set strong constraints on a broad range of new physics 
models. 
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